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The single-molecule conductance of a 3-ring, conjugated azomethine was studied using the 
mechanically controlled breakjunction technique. Charge transport properties are found to be 
comparable to vinyl-based analogues; findings are supported with density functional calculations. 
The simple preparation and good transport properties make azomethine-based molecules an 
attractive class for use in polymer and single-molecule organic electronics. 
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I. INTRODUCTION 
Organic molecules have received great attention over the last 
two decades for their application in organic electronics such as 
organic light emitting diodes (OLED), organic field effect 
transistors (OFET), organic photovoltaics (OPV), sensors and 
electrochromic devices.
1-4
 The synthesis of these conjugated 
materials generally involves transition metal catalyzed carbon-
carbon coupling reactions such as Suzuki-, Stille- and Kumada-
coupling.
5
 However, these chemistries require stringent reaction 
conditions, expensive catalysts and extensive product 
purification.
6
 The restrictive synthetic accessibility results in 
high costs thereby making large-scale production of these 
materials difficult.
7, 8
 
Schiff-base condensation chemistry offers a low-cost 
alternative route to conjugated materials. In that reaction an 
azomethine bond (–CH=N–, also referred to as imine) is formed 
on condensation of an amine with an aldehyde. This chemistry 
offers an attractive alternative to carbon-carbon coupling 
reactions since the reaction can be performed at near ambient 
conditions, requires no expensive catalysts, and has water as the 
only by-product, making purification straightforward.
9
 In 
contrast to aliphatic azomethines,
10
 conjugated azomethines are 
very stable against photoisomerization and also exhibit a high 
stability towards hydrolysis and reduction.
11, 12
  
Recently, conjugated azomethine-based polymers and small-
molecules have shown promising performance in various 
organic electronics such as polymer-,
13-16
 small-molecule-
9, 17
 
and perovskite-based
18
 photovoltaics, OLEDs,
19
 OFETs
20
 and 
electrochromic devices.
21, 22
 In particular the low molar mass 
azomethines have shown good performances as a hole 
conducting material in bulk heterojunction devices,
23
 and 
azomethines have been able to compete with state-of-the-art 
materials in a hole transporting layer in perovskite solar cells.
18
 
However, despite the good device performance, only very little 
is known about charge transport in these molecules.
20, 23
 Bulk 
measurements have shown relatively low mobilities, but it is 
unclear which mechanisms contribute to the low mobility.  
In this work, the single-molecule conductance of an 
azomethine-based molecule is studied to get a better insight in 
its charge transport properties. The general perception is that the 
azomethine bond is isoelectronic to the vinyl-bond (–CH=CH–) 
,
24
 which is widely used in polymer and single-molecule organic 
electronics. However, the single-molecule conductance through 
a molecule containing azomethine bonds has not yet been 
studied. We performed conductance measurements of a 
conjugated azomethine-based single molecule using a 
mechanically controlled break junction (MCBJ). Our findings 
show that replacing the all-carbon vinyl bonds with azomethine 
bonds does not compromise the conductance in this class of 
molecules and that the azomethine-bond thus does not limit the 
conductance along the backbone of the molecule. 
II. EXPERIMENT 
As a model compound for studying the conductance of the 
azomethine-bond, a symmetric azomethine, containing a 
thiophene and two phenyl rings was synthesized (thiophene-2,5-
diylbis(N-phenylmethanimine), TYPI). At the para-position, the 
phenyl rings are functionalized with thiol groups, which act as 
the anchor to the gold electrodes (Figure 1a). To characterize 
the conductance of TYPI a MCBJ set-up was used.
25
 TYPI was 
dissolved in dichloromethane at a concentration of 0.5 mMol/L. 
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The solution was drop cast on the MCBJ, after which the gold 
wire was repeatedly broken and fused at a rate of 20 cycles per 
minute (corresponding to an electrode displacement speed of 5 
nm/s). The measurements were performed in ambient conditions 
at a fixed bias voltage of 100 mV. 
 
 
 
When breaking the gold wire in the presence of TYPI we 
observe conductance traces as shown in Figure 1b. The 
conductance traces are measured as a function of electrode 
separation (nm). Above conductance values of 1 G0 (the 
conductance quantum of 77 µS) the traces show decreasing  
steps and at approximately 1 G0 a sharp drop is observed, which 
is caused by the rupture of the last gold few-atom connection.
26
 
After this point the conductance quickly drops to around 10
-
3
/10
-4
 G0, due to the snap back of the gold apex atoms in the 
electrodes. Below 10
-3
 G0 two different types of traces can be 
identified. The first one is an exponential decay of the 
conductance (linear dependence in a log-plot) to the noise level 
of the setup (below 10
-6
 G0), which is characteristic of an empty 
junction where transport is through direct tunneling (the first 
two traces in Figure 1b). The second type of trace that can be 
identified, is the appearance of plateau-like features below 10
-3
 
G0. These plateaus persist up to 1.5 nm of stretching and show 
conductance fluctuations around 10
-4
 G0. The traces with this 
kind of conductance-length dependence are assigned to the 
successful formation of a gold-molecule-gold junction.
27
 After 
stretching for a certain distance, which is related to the length of 
the molecule, the conductance drops to the noise level due to 
breaking of the gold-molecule-gold junction.
 
 
 
To determine the most probable conductance of the metal-
molecule-metal junction we recorded 2361 consecutive traces, 
from which we build a conductance histogram. Figure 2 shows 
the conductance histograms built from all traces (without data 
selection). The zero of displacement of each trace is chosen at 
the point of rupture of the gold wire (first data point below 0.5 
G0). In the two-dimensional histogram (left side of Figure 2) a 
high-count region is visible above 1 G0, which we assign to 
transport through the gold wire. Below 1 G0 one can distinguish 
two regions of high counts. The first region drops exponentially 
(straight on a logarithmic scale) from 10
-4
 G0 to the noise level 
extending for about 0.5-1 nm. The second region stays constant 
around 10
-4
 G0 and extends up to 1.5 nm. We assign the first 
region to through space tunneling between the electrodes and 
the second region to transport through the gold-molecule-gold 
junctions. This second region only appears when the molecule is 
drop cast on the sample and is not observed in clean samples (as 
can be seen in the Figure 1S in the supporting info). In addition, 
the length of the second region approximately matches the 
length of a single TYPI molecule, which is 1.85 nm in DFT 
calculations. To extract the mean conductance of the molecular 
junctions we plot the 1-D conductance histogram, as shown in 
the right panel of Figure 2. The blue line is a histogram of the 
conductance including all traces, while the red line is a 
histogram with the tunneling region removed (further details in 
the supporting information). Using a Gaussian function (green 
dashed line) to fit the conductance distribution without 
tunneling, we obtain (1.3±0.4)·10
-4
 G0 as most probable 
conduction value for TYPI. 
To comment on the measured conductance value of TYPI, we 
compare it to the single-molecule conductance of the well-
studied oligo(p-phenylene vinylene) trimer (OPV3)(Figure 3b). 
This molecule has approximately the same length (1.92 nm 
compared to 1.85 nm of TYPI) and the same basic electronic 
structure, which consist of three conjugated rings connected 
with sp2 hybridized linkers. The conductance of OPV3 with 
Figure 1: a) TYPI structure between gold electrodes. b) 
Individual breaking traces measured in the presence of TYPI. The 
bias voltage is 100 mV and the electrodes are withdrawn at a 
speed of 5 nm/s. The traces are offset along the x-axis for clarity. 
The conductance is plotted on a logarithmic scale. 
Figure 2: Conductance histograms of all breaking traces. 
Traces are aligned at 0.5 G0. Left panel: Conductance-
displacement histogram build from 2361 breaking traces like 
the ones shown in Figure 1b. The traces are binned 
logarithmically along the conductance (y) axis with 16 
bins/decade and linearly binned along the displacement (x) 
axis with 40 bins/nm. Right panel: Conductance histogram. 
The blue line is built by summing the histogram in the left 
panel along the displacement axis. Red line is constructed 
excluding tunneling traces. Green dashed line is a Gaussian fit 
used to extract the most probable conductance value. 
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thiol anchoring groups lies between 1·10
-4
 G0 and 2·10
-4
 G0 for 
MCBJ setups.
28, 29
 Comparing the conductance values of both 
TYPI and OPV3 shows that a thiophene ring with azomethine 
linkers has a comparable charge transport efficiency as a 
benzene ring with vinyl linking.  
III. THEORY 
To further investigate the charge transport characteristics of 
TYPI, we performed density functional theory (DFT) 
calculations, combined with the Green’s function (NEGF) 
formalism to obtain ground-state electronic structures and 
transmissions for TYPI, OPV3 and OPA3 (oligo(p-phenylene 
azomethine) trimer). For details concerning the calculations, see 
the supporting information. OPA3 is included in the calculations 
to differentiate between the effect that the thiophene core and 
azomethine bond may have on transport. 
 
 
 
Figure 3 a-c show the isosurface of the highest occupied 
molecular orbital (HOMO) of TYPI, OPV3 and OPA3, 
respectively. It can be clearly seen that the HOMO’s of all 
molecules have a pi character and closely resemble each other, 
both in shape and in energy. They extend from one sulphur 
atom to the other and hybridize well with the gold atoms, as can 
be seen by the finite density around the gold-sulphur bond and 
their extension throughout the entire gold electrodes. The 
similar electronic structure is further supported by the 
transmission calculations, which show similar broadening of the 
HOMO’s indicating comparable hybridization of the molecules 
with the gold electrodes. Furthermore, the HOMO-LUMO gap 
is of comparable size, 3.1 eV for TYPI, 3.3 eV for OPV3 and 
3.3 eV for OPA3.  
The calculated transmission of the three molecules is shown 
in Figure 3d, where peaks in the transmission originate from 
resonant charge transport through molecular orbitals. Based on 
their energy, the overlapping peaks just below -5.5 eV can be 
identified, as the HOMO’s of TYPI, OPV3 and OPA3. Focusing 
on the transmission in the region around the Fermi energy, 
which our calculations predict to be around -4.8 eV, we see that 
for all molecules transport is dominated by the HOMO. This is 
expected for thiol anchoring groups.
30, 31
 Moreover, in the same 
energy range, the transmissions follow each other closely which 
is a result of the similar energy of the HOMO’s and their 
broadening. This supports the conclusion drawn from the 
measurements, which is that the thiophene core with azomethine 
linker units has a comparable conductance to the benzene core 
with vinyl linking units. 
The comparable conductance between OPA3 and TYPI in the 
calculations shows that inclusion of a thiophene core does not 
mask any potential negative effects the azomethine bond can 
have on the conductance as compared to the vinyl-linked 
analogue. This is further supported by comparing the transport 
through thiophene and phenyl units
32
 which shows that despite 
conformational variations the conductance is approximately the 
same. This motivates the conclusion that the azomethine bond is 
of comparable conductance as a vinyl bond. The relatively poor 
charge mobilities that are reported for azomethines in the bulk 
are therefore considered to be the result of an unfavorable 
morphology and are not the result of a limited conductance of 
the azomethine bond. 
IV. CONCLUSION 
In conclusion, an azomethine-based low molar mass molecule 
was synthesized and the conductance through single molecules 
was measured using a mechanically controlled break junction. 
The conductance was determined to be (1.3±0.4)·10
-4
 G0, which 
is comparable to reported values for OPV3, a vinyl-based 
analogue. This, in turn, shows that the azomethine bond exhibits 
good electrical conductance, making it a useful linker for the 
preparation of conjugated materials for electronic applications. 
Moreover, we believe that the simple chemistry combined with 
the good charge transporting properties make azomethine-based 
materials ideal candidates for various optoelectronic 
applications. 
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Figure 3: DFT +Σ calculations for TYPI, OPV3 and OPA3. 
a),b),c) Structure and hybridized HOMO orbital of respectively 
TYPI, OPV3 and OPA3. The energy of the HOMO is displayed 
underneath. d) Transmission as function of energy around the 
HOMO-LUMO gap for all three metal-molecule-metal junctions. 
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